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2）雄性不稔系統の育成（試験 2) : CLl×W59系統
21後代のうち．完全11f松1州事が出現しなかった5組み合
わせについて，それらの花粉親5個体!fl］で多交配を行い，









配（試験 3) : CLl×W59-l lの後代からは完全可稔
(CF）個体が出現した。この後代の中から，完全不稔
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Table 1. Male fertility of test cross progenies for CLl×W59s. 
Ratio of CS plants ( % ) Ratio of PF' plan ls ( % ) Ratio of CF plants { % ) 
{Fertility 1.0～5.0) (Fertility 5.5～8.5) (Fertility 9.0-10.0) 
61 31 8 
51 46 3 
iJ3 49 8 
76 24 0 
49 48 3 
42 26 32 
68 32 0 
70 30 0 
48 41 11 
88 12 0 
51 10 9 
58 4L 0 
60 38 2 
49 39 1 
47 46 6 
3:2 41 2 
88 13 0 
日 44 2 
63 38 0 
66 34 0 
67 33 0 



































































CS :completely male sterile: PF:partially male sterile: CF:completcly male fertile 
Male fertility ( % ) 
No. of plant 
Ratio of plant ( % ) 
Table 2. Male fertility in (CLlxW59 10) x Bline. 
O ～3 ～JO ～25 ～50 ～80 
93 12 4 4 2 2 
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Figure 2. Male Fertility of 11S2xl1F3 and l1S3xl1F3. 
Pollen fertility(%) oreach 1-5are 1:0%; 2:1-25%, 






















下に， lIS2×11F3= I : I , 11S3×llF3= 1・3と一
致する遺伝子担の組み合わせとしては， llS2はRf,Rf,














Table 3. Male fcrility of the progeny from 11S2×l 1F3 and 11S3×llF 
1'-lo. of CS planls No. offertile plants Total 
62 66 128 






x ヱisthe degree for agreeing with the ratio ( inthe parenthesis) for the number of plants 
Genotype 
Rf, Rf, R,f, -
Rf, - Rf2 Rf, 
Rf, rf, Rf2 rf, 
Table 4. A hypoth巴sisexplaining control of male fertility by two loci 
Phenotype Genotype 



































Table 5.Genotypes of 11S2. 1 S3 and 1F3 explaining 
the seg陀gationratio of male fe此ilityin 1S2xl1F'3 and IS3xl lf3 
a. The progeny from l 1S2xl ff3 
1) l!S2 = Rf,Rf，「f,rf，・ 11F3= Rf,Rf. Rf・rf.
11F3 
garnet田
Rf, Rf, Rf, rf, 
garnet s JlS2 Rf, rL Rf,Rf1 Rf,iも（F) Rf,Rf, rf,rf, (S) 
2) 11S2 = Rf,rf, rf,rf,. l lF3 = Rf.Rf. Rf,rf, 
11F3 
Gametes 
Rf, Rf, Rf, rf, 
Gametes 
1 S2 Rf1 rfz Rf.lU, Rf,rf, (F) Rf,Rf川・ιrf,(S) 
rf, rf， 町，rf.Rf,rfョ（F) Rf,rf, rLrL (S) 
3) l 1S2 = rf,rf, rf,rL, 1 F3 = Rf,Rf1 RLrf, 
11F3 
gam巴tes


















Rf,rf, rLrf, (S) 
Rf, ili
b. The p1刀genyfrom l1S3xl1 F3 
1 S3 = rf,rf, Rf,rf,. 1 F3 = Rf,Rf, Rf,rf, 
11F3 
gametes 
Rf, Rf1 Rf, rf1 
gametes 
11S3 rf, Rf, Rf,rf, Rf,Rf, (F) Rf,rf, Rf,rL (F) 
rf, rL Rf,rf1 RLrL (F) Rf,rf, rf,rL (S) 
Table 6. Estimated genotype for llS2, llS3, l lF3, 








Rf, rf rf,rf, 
rf1 rf1 Rf,rf, 
Rf, Rf1 Rf,rf, 
Rf1 rf1 rf,rL 
Rf, rf, Rf,rf, 
Table 7. Estimated genotypes for W59s, therorctical ratio of phenotypes for 
progenies with CLI and degree for agreeing with the observation. 
Genotype Theoretical Ratio(%) x2 P(%) 
cs PF CF 
W59 1 Rf1d1 Rf,rf, 62.5 25 12.5 0.32 85.3 
W59-2 rf, IイIRf,Rf, 50 50 。 0.0 95.2 
W59-3 Rf1 rf1 Rf,rf, 62.5 25 12.5 10.24 0.6 
W59-4 rf1 rf1 Rf,rf, 75 25 。 0.01 92.0 
W59-5 Rf1rf1 Rf,rf, 62.5 25 12.5 9.91 0.7 
W59-6 Rf1 Rf, RLrf, 50 25 25 0.33 84.6 
W59-7 rf, rf1 Rf, rf, 75 25 。 0.91 34.l 
W59-8 rf1 rf1 Rf,rf, 75 25 。 0.37 54.3 
W59-9 町1rf1Rf2rf, 62.5 25 12.5 1.20 54.8 
W59-10 rf1 rf1 Rf,rf, 75 25 。 2.92 8.8 
W59-l Rf1 rf, Rf, rf, 62.5 25 12.5 3.31 19.l 
W59-12 rf, rf, Rf, Rf, 50 50 。 0.56 45.6 
W59-13 rf1 rf1 Rf,rf, 75 25 。 3.05 8.0 
W59-14 Rf, rf, Rf, rf, 62.5 25 12.5 3.40 18.3 
W59-15 Rf1 rf, Rf, rf, 62.5 25 12.5 8.37 1.5 
W59-16 Rf1 r, Rf,Rf, 25 50 25 0.74 69.0 
W59-17 rf1 rf1 Rfi rf2 75 25 。 0.67 41.4 
W59-18 rf1 lイIRf,rf, 75 25 。 4.79 2.9 
W59-19 rf1 rf1 Rf2 rf, 75 25 。 2.00 15.7 
W59・20 rf, rt, Rf,rf, 75 25 。 1.39 23.8 


















れにより， WY7はRf,Rf,Rf.,1もまたはRf, rf，町」Rf~ . 4-4-
































l) Buckner, R. C. 0960) . Cross-compatibility of 
annual and perennial ryegrasses with tall fescue, 
Agron. J., 52,409-410. 
2) Connolly, V. and Wright-Turner, R. (1981¥) . 
Inductio日 ofcytoplasmic male-sterility into 
ryegrass (Lolium perenne) , Theor. Appl. Genet., 
68.449’453. 
3 ) Gaue. I. (1977) . Ms-based hybrid breeding in 
Lolium perenne しIn:Proc. 13th Int. Grassl. Congr., 
Leipzig, 435 437. 
Table 8. Genotype日andCS ratio for each generation of A lines. 
Generation No. ofplan ls Ratio of gcnotyp巴 Ratio of CS plant Ratio of CS plant 
Rf,-rf,rf, rf,rf，一 Rf,-Rf,- (Theoretical) (Observed) 
CLJ 100 。 。 100 
CLlxW59・JO 33 25 50 25 75 
120 9.4 75 15.6 制.4
BC, 3.9 87.5 8.6 91.4 
BC, 162 1.8 93.8 4.5 95.5 
BC. 187 0.8 96.9 2.3 97.7 
※Ratio of CS plant (observation) of BC, and BC, are Lhc ratio of plants whose anthers were not dehiscent. 
Table 9. Single cross combination betweens WY7, WY9 and 4-4・24and male fertility of progenies. 
Combinations No.。fCS plants No. offertile plants Total indivuals y 2 
WY7×WY9 5 15 20 0 (1:3) 
4-4-24×WY7 8 11 19 0.47'1 (1: 1)
0.500 (3: 1)4-4-24XWY9 7 2 
0.896 (5:3) 












Table 10. Estimation of genoptypes for WY7, WY9 and 4-4-24 
Segrigation ratio of fertility Genotype 






Rf, rf, Rf,rf, 
Rf,rf, RιRf, 
Rf,rf, Rf,Rf, 
Rf, Rf, Rf,rf, 
Rf, rf, Rf,rf! 
Rf, rf, Rf, rf!
4・4・24
市古市；干E
rf, rf, rf, rf, 
Rf, rf, rf, rL 
rf, rf, Rf,rf, 
Rf, Rf, rf, rf, 







Rf, rf, rf, rf, 
rf, rf, Rf,rf, 
Y9 
町清茂LrL
Rf, rf, Rf,rf, 
Rf, rf, RI,Rf, 
Rf,rf，恥rf,
Rf, rf, rf, rf, 
rf, rf, Rf,rf, 
RC，臥恥rf,




Rf, Rf, Rf,rf, 
Rf, rf, Rf,Rf, 
Rf, Rf, Rf,rC 
Rf, rf, Rf, Rf, 
Rf, rf, Rf,rf, 
Rf, ri, Rf,rf, 
WY9 
Rf, rf, Rf,rf, 
Rf,rf, RLrf, 
Rf, rf, Rf, rf, 
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Genetic Analysis of the Restoration of Male Fertility 
in Italian Ryegrass (Loli山nmultiflorum Lam.) 
Akira ARAKAWA, Masahiro FUJIMORI, Toshinori KOMATSU, 
Kazuhiro UCHIYAMA and Shin-ichi SuGITA 
Department of Forage Crop Breeding 
Summary 
To faciltate a program focused on the development of a cytoplasmic male-sterile (ems) Italian ryegrass, attempts 
are underway to develop a male-sterility maintainer 'B’line. Testcrosses between a cms individual (CLI) and W59 
individuals (normal cytoplasm) were performed to generate a ‘B’line which could be used to maintain male-
sterility. A male sterile line （‘A・line)was obtained folowing recurrent backcrossing between non recurrent cms 
parents and a 'B’ line (recurrent parent) . Hybrids obtained from this backcrossing resulted in the generation of 
male-sterile individuals at a frequency of 86.4 % and 87.7%, in the BC, and BC., generation, respectively. Progeny tests 
utilizing male-sterile x male-fertile sibs, originally derived from the CU x W59 hybridization, generated segregation 
ratios of l: l and l: 3 (sterile: fertile) . These observations, suggest that two complementaty loci may be involved in the 
expression of male sterility. However, the frequency of male-sterile individuals obtained following the backcrossing of 
the ‘A’line with the ・B’line,suggest that another gene (s) are affecting the outcome of the anticipated, simple 
two locus model. Additional research is underway to further elucidate the complex inheritance and expression of cms 
restoration in Italian ryegrass. 
l{ey words: Italian ryegrass, Cytoplasmic male sterile, Restorer gene. Inheritance model 
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